Abstract The aim of this study was to investigate the effects of cold stress on oxidative indexes, immune function, and the expression levels of heat shock protein (Hsp90, Hsp70, Hsp60, Hsp40, and Hsp27) in immune organs of chickens. Two hundred forty 15-day-old male chickens were randomly divided into 12 groups and kept under the temperature of (12± 1)°C for acute and chronic cold stress. There were one control group and five treatment groups for acute cold stress and three control groups and three treatment groups for chronic cold stress. The results showed that cold stress influence the activities of antioxidant enzymes in the immune organs. The activities of SOD and GSH-Px were first increased then decreased, and activity of total antioxidation capacity (T-AOC) was significantly decreased (P<0.05) at the acute cold stress in chicks; however, T-AOC activities were significantly increased (P<0.05) at the chronic cold stress in these tissues. Cold stress induced higher level of malondialdehyde (MDA) in chicken immune organs. In addition, the cytokine contents were increased in cold stress groups. As one protective factor, the expression levels of Hsps were increased significantly (P<0.05) in both cold stress groups. These results suggested that cold stress induced the oxidative stress in the three tissues and influenced immune function of chicks. Higher expression of Hsps (Hsp90, Hsp70, Hsp60, Hsp40, and Hsp27) may play a role in protecting immune organs against cold stress.
Introduction
It is widely accepted that cold exposure can influence the function of neuroendocrine system, antioxidation system, and immune system (Hangalapura et al. 2006; Helmreich et al. 2005; Onderci et al. 2003; Hangalapura et al. 2004b; Fleshner et al. 1998) . Some researchers demonstrated that cold stress could significantly influence the immune system in mice, human (Brenner et al. 1999; Jansky et al. 1996) , and chicken (Hangalapura et al. 2004a) . It was also reported that cold stress suppressed humoral immunity in rats (Rybakina et al. 1997 ) and decreased the cell-mediated immunity of chickens (Regnier and Kelley 1981) . In addition, prior study also indicated that the effect of cold stress on immune responses may depend on stress time and stress intensity (Hangalapura et al. 2003) . So, immune organ is one important target of cold stress.
During the cold stress, cytokines play an important role in bidirectional communication between the neuroendocrine and immune systems (Felten et al. 1998) . It has been reported that interleukin (IL)-10 production was increased in chronic cold stress (4°C/4 h daily for 7 days) in BALB/c mice (Sesti-Costa et al. 2012 ). In addition, in humans, cold stress was reported to enhance IL-2 cytokine levels (Jansky et al. 1996) . In addition, several studies indicated that the antioxidant defense system was influenced by low-temperature exposure (Mujahid 2010; Lin et al. 2004; Bottje et al. 1998) . Superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities were decreased, and malondialdehyde (MDA) content was increased in the masseter muscles in psychological stressed rats after 3 and 5 weeks . Moreover, it was reported that low temperature induced the higher MDA levels in chickens' brain and heart (Mujahid and Furuse 2009) . However, the role of cold stress in the immune of chicks is unclear.
When living organisms are exposed to various stress conditions, the synthesis of most proteins is retarded, but a group of highly conserved proteins known as heat shock proteins (Hsps) is rapidly synthesized (Al-Aqil and Zulkifli 2009). Hsps are key components in modulating stress responses. They are highly conserved molecular chaperones, ubiquitously expressed, belonging to distinct multigenic families. It has been suggested that Hsps were associated with the function of immune systems (Tsan and Gao 2009) . Hsps provide the link between innate and adaptive immune systems (Guo et al. 2007) . The presence of Hsps in the circulation system serves as a danger signal to the host (Wu 1995; Jaattela 1999) . In mammals, it indicated that Hsps reserved a protective role in the immune system (Habich and Burkart 2007; Ausiello et al. 2005) .
Environmental stressors can alter the susceptibility of animals to temperature, it is important to learn how stressors affect the immune system of animals. Therefore, the present study is undertaken to analyze the effects of cold stress on the antioxidant responses (total antioxidant capacity (T-AOC), SOD, GSH-Px, and MDA), the levels of cytokine content (IL-2, IL-4, IL-10, and interferon gamma (IFN-γ)), and the expression of Hsps (Hsp90, Hsp70, Hsp60, Hsp40, and Hsp27) in the spleen, thymus, and bursa of Fabricius of chicks after cold treatment.
Materials and methods

Chickens and tissue collection
All procedures used in the present experiment were approved by the Institutional Animal Care and Use Committee of Northeast Agricultural University (Harbin, China) . The chickens' model of cold stress was developed as described in our previous studies (Wang and Xu 2008; Wang et al. 2009; Zhang et al. 2011 ) Briefly, 240 15-day-old male chickens were purchased from Weiwei Co. Ltd. (Harbin, China) and randomly allocated to 12 groups (six groups for the acute cold stress experiment and six groups for the chronic cold stress experiment; n=20/group). The chickens were maintained in our animal facility, kept under a 16L:8D cycle and a temperature of 30±2°C, and given free access to standard food and water. During their second week of age, five groups were transferred to a cold environment 12±1°C and kept for 1, 3, 6, 12, and 24 h, respectively, for acute cold stress, and one group was maintained at 25°C as control (0-h group). Three groups were transferred to the cold environment (12±1°C) and kept for 5, 10, and 20 days, respectively, for chronic cold stress, and three groups were maintained at 25°C for 5, 10, and 20 days as controls. The chickens were euthanized by sodium pentobarbital after stress termination. The spleen, thymus, and bursa of Fabricius tissues from each chicken was collected, immediately frozen on dry ice and then stored at -80°C for RNA isolation and protein extract. Animal care and treatment complied with the standards described in the guidelines for the care and use of laboratory animals of the Northeast Agriculture University.
Determination of antioxidant enzyme activities
The spleen, thymus, and bursa of Fabricius of chickens were homogenized on ice in physiological saline, centrifuged at 700×g, and supernatants were collected. Here, we detected T-AOC, free radical scavenging enzymes such as SOD, metabolizing enzymes such as GSH-Px, and MDA as an index of oxidative damage. Commercial assay kits for T-AOC, SOD, GSH-Px, and MDA were provided by the Nanjing Jiancheng Biotechnology Research Institute (Nanjing, China). Measurements were performed according the protocol provided by the manufacturer in the laboratory of the Science and Technology Experiment Centre, Shanghai University of Traditional Chinese Medicine.
The T-AOC in digestive organs was determined by Opara et al. (1999) . In commercial kits, a color reaction of tetramethylbenzidine (TMB) was used, and T-AOC was related with color change of TMB monitored spectrophotometrically at 450 nm. SOD activity in the homogenate was assayed by the inhibition at 25°C of pyrogallol autoxidation by SOD (with and without sample) and was followed kinetically at 550 nm (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). One unit of SOD is defined as the amount of enzyme that causes 50 % inhibition of pyrogallol autoxidation. GSH-Px activity was measured by using H 2 O 2 as a substrate by applying the method of Rotruck et al. (1973) . MDA level was determined by 2-thiobarbituric acid reactive substance (TBARS) chromometry ).
Determination of the IL-2, IL-4, IL-10, and IFN-γ contents in the spleen, thymus, and bursa of Fabricius of chickens The tissues were taken at each time point during the experiment. IL-2, IL-4, IL-10, and IFN-γ contents were assayed in serum by radioimmunometricassay, as described by Zhang et al. (2011) .
Primers' design
To design primers, Primer Premier software (PREMIER Biosoft International, USA) was used to design specific primers for Hsp90, Hsp70, Hsp60, Hsp40, Hsp27, and β-actin based on known chicken sequences (Table 1) . General PCRs were first performed to confirm the specificity of the primers.
Total RNA isolation and reverse transcription reaction Total RNA was isolated from the tissue samples (50-mg tissue) using TRIzol Reagent according to the manufacturer's instructions (Invitrogen, China). The dried RNA pellets were resuspended in 50 μl of diethylpyrocarbonate-treated water. The concentration and purity of the total RNA were determined spectrophotometrically at 260/280 nm (Gene Quant 1300/100, USA). First-strand complementary DNA (cDNA) was synthesized from 5 μg of total RNA using oligo(dT) 18 primers and SuperScript II reverse transcriptase according to the manufacturer's instructions (Invitrogen, China). Synthesized cDNA was diluted five times with sterile water and stored at −80°C before use.
Quantitative real-time PCR (qPCR)
The qPCR was performed on an ABI PRISM 7500 Detection System (Applied Biosystems, USA). Reactions were performed in a 20-μl reaction mixture containing 10 μl of 2× SYBR Green PCR Master Mix (Roche, Switzerland), 2 μl of diluted cDNA, 0.6 μl of each primer (10 μM), and 6.8 μl of PCR-grade water. The PCR procedure for Hsp90, Hsp70, Hsp60, Hsp40, Hsp27, and β-actin consisted of heating the reaction mixture to 52°C for 2 min and 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min, 95°C for 15 s and 60°C for 20 s. The melting curve analysis showed only one peak for each PCR product. Electrophoresis was performed with the PCR products to verify primer specificity and product purity. A dissociation curve was run for each plate to confirm the production of a single product. The amplification efficiency for each gene was determined by using the DART-PCR program (Peirson et al. 2003) . The messenger RNA (mRNA) relative abundance was calculated according to the method of Pfaffl (2001) , accounting for genespecific efficiencies and was normalized to the mean expression of β-actin.
Western blot analysis
Protein extracts were subjected to SDS-polyacrylamide gel electrophoresis under reducing conditions on 12 % gels. Separated proteins were then transferred to nitrocellulose membranes using a tank transfer for 2 h at 200 mA in Tris-glycine buffer containing 20 % methanol. Membranes were blocked with 5 % skim milk for 16-24 h and incubated overnight with diluted primary chicken antibody Hsp90 (1:500), Hsp70 (1:500), and Hsp60 (1:1,400) (Hsp90, Hsp70, and Hsp60 production of polyclonal antibody by our lab) followed by a horse radish peroxidase (HRP)-conjugated secondary antibody against rabbit IgG (1:1,500, Santa Cruz, USA). To verify equal loading of samples, the membrane was incubated with monoclonal β-actin antibody (1:1,000, Santa Cruz, USA), followed by a HRP-conjugated goat anti-mouse IgG (1:1,000). The signal was detected by X-ray films (TransGen Biotech Co., China). The optical density (OD) of each band was determined by Image VCD gel imaging system, and the Hsp90, Hsp70, and Hsp60 expressions were detected as the ratio of OD of Hsp90, Hsp70, Hsp60, and OD of β-actin, respectively.
Statistical analysis
Statistical analysis of all data was performed by using SPSS for Windows (version 13, SPSS Inc., Chicago, IL). When a significant value (P< 0.05) was obtained by one-way ANOVA, further analysis was carried out. All data showed a normal distribution and passed equal variance testing. Differences between means were assessed using Tukey's honestly significant difference test for post hoc multiple comparisons. Data are expressed as the mean±SD. 
Results
Changes of the antioxidant enzyme activities
To examine whether cold stress exposure could cause oxidative stress, we detected T-AOC, GSH-Px, SOD activities, and MDA content in the spleen, thymus, and bursa of Fabricius of chickens. Antioxidant enzyme activity and MDA content in the spleen, thymus, and bursa of Fabricius of chickens are showed in Tables 2, 3 , 4, and 5. The T-AOC activities of the spleen, thymus, and bursa of Fabricius of chickens were significantly decreased (P<0.05) at the acute cold stress groups than in control group; however, at the chronic cold stress, T-AOC activities of these tissues were significantly increased (P<0.05). SOD activities of the spleen, thymus, and bursa of Fabricius tissues were significantly increased (P<0.05) at the acute cold stress groups than at the control group. At the chronic cold stress groups, SOD activities of bursa of Fabricius were significantly increased (P < 0.05) ( Table 3) .
GSH-Px activity in the acute stress group was increased (P<0.05) compared with that in the control group. In the chronic cold stress group, GSH-Px activity was increased in the bursa of Fabricius tissue compared with that of each corresponding control group. However, GSH-Px activity was significantly (P<0.05) decreased in the spleen tissue (Table 4) .
The MDA content in the examined tissues of the chickens' acute stress group was significantly higher than that of the control group (P<0.05). At the chronic cold stress, the MDA content in the spleen were significantly (P<0.05) decreased than the corresponding control group (Table 5) .
Effects of cold stress on the IL-2, IL-4, IL-10, and IFN-γ contents in the serum, spleen, thymus, and bursa of Fabricius of chickens
The effects of cold stress IL-2, IL-4, IL-10, and IFN-γ content in the serum, spleen, thymus, and bursa of Fabricius of chickens are shown in Tables 6, 7 , 8, and 9. In the acute cold stress, IL-2 content first increased then decreased in the spleen and bursa of Fabricius of chickens, but in the thymus, IL-2 content first decreased then increased. In the chronic cold stress, IL-2 content increased in the spleen, but in the thymus, IL-2 content decreased. IL-2 content increased in the serum at the acute and chronic cold stress (Table 6 ). In the acute cold stress, IL-4 content was increased in the serum, spleen, and bursa of Fabricius of chickens, but in the thymus, IL-4 content was decreased. In the chronic cold stress, IL-4 content decreased in the spleen and thymus, but in the serum and bursa of Fabricius, IL-4 content increased (Table 7 ). In the acute cold stress, IL-10 content did not change in the thymus and bursa of Fabricius, but in the spleen, IL-10 content decreased. In the chronic cold stress, IL-10 content increased in the spleen. IL-10 content increased in the serum at the acute and chronic cold stress (Table 8 ). In the acute cold stress, IFN-γ content increased in the immune organs; in the chronic cold stress, that in the thymus decreased but the one in the bursa of Fabricius increased. IFN-γ content increased in the serum at The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals acute cold stress, but in the chronic cold stress, IFN-γ content decreased ( Table 9) .
Effects of cold stress on the mRNA and protein levels of Hsp90 in the spleen, thymus, and bursa of Fabricius of chickens
As shown in Figs. 1 and 6a, b, the results showed that acute cold stress significantly decreased (P< 0.05) the mRNA levels of the Hsp90 gene of spleen in all treatment groups and significantly increased (P<0.05) the mRNA levels of the Hsp90 gene of thymus in all treatment groups. However, the mRNA expression of the Hsp90 gene was not significant (P>0.05) in the thymus treatment groups. Compared with the corresponding control groups, chronic cold stress resulted in a significant increase (P<0.05) of the mRNA levels of the Hsp90 gene in the spleen, thymus and bursa of Fabricius. Simultaneously, The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals Western blot of Hsp90 results was consistent with Hsp90 mRNA response to cold stress (Fig. 6 ).
Effects of cold stress on the mRNA and protein levels of Hsp70 in the spleen, thymus, and bursa (Fig. 6 ). The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals Effects of cold stress on the mRNA and protein levels of Hsp60 in the spleen, thymus, and bursa of Fabricius of chickens
As shown in Figs. 3 and 6e, f, the results showed that acute cold stress significantly decreased (P<0.05) the mRNA levels of the Hsp60 gene of the spleen and thymus in all treatment groups and significantly increased (P<0.05) the mRNA levels of the Hsp60 gene of bursa of Fabricius in all treatment groups. Compared with the corresponding control groups, chronic cold stress resulted in a significant increase (P<0.05) of the mRNA levels of the Hsp60 gene in the spleen and thymus and a significant decrease (P< 0.05) of the mRNA levels of the Hsp60 gene in bursa of Fabricius. Simultaneously, Western blot of Hsp60 results was consistent with Hsp60 mRNA response to cold stress (Fig. 6 ). The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals The different letters in acute cold stress groups indicated that there were significant differences (P<0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P<0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals The different letters in acute cold stress groups indicated that there were significant differences (P <0.05) between any two groups, the same letters in acute cold stress group indicated that there were no significant differences between any two groups. * in chronic cold stress groups indicated that there were significant differences (P <0.05) between the control group and the stress group at the same time point, while without * in chronic cold stress groups indicated that there were no significant differences between the control group and the stress group at the same time point. Each value represented the mean ± SD of 5 individuals Fig. 1 Effects of cold stress on the mRNA expression of the Hsp90 gene in the spleen, thymus, and bursa of Fabricius in chickens. Relative mRNA levels of the Hsp90 gene were detected by qPCR. In the acute cold stress experiment, the relative mRNA levels from the 0-h control group were used as the reference values in panels a to c. The different letters in panels a to c indicate that there are significant differences (P<0.05) between any two groups. In the chronic cold stress experiment, the relative mRNA levels from the 5-, 10-, and 20-day control group were used as the reference values in panels d to f. Each value represented the mean±SD of five individuals. *Significant differences (P<0.05) between the control group and the stress group at the same time point Relative mRNA levels of the Hsp90 gene were detected by qPCR. In the acute cold stress experiment, the relative mRNA levels from the 0-h control group were used as the reference values in panels a to c. The different letters in panels a to c indicate that there are significant differences (P<0.05) between any two groups. In the chronic cold stress experiment, the relative mRNA levels from the 5-, 10-, and 20-day control group were used as the reference values in panels d to f. Each value represented the mean±SD of five individuals. *Significant differences (P<0.05) between the control group and the stress group at the same time point Fig. 3 Effects of cold stress on the mRNA expression of the Hsp60 gene in the spleen, thymus, and bursa of Fabricius in chickens. In the acute cold stress experiment, the relative mRNA levels from the 0-h control group were used as the reference values in panels a to c. The different letters in panels a to c indicate that there are significant differences (P<0.05) between any two groups. In the chronic cold stress experiment, the relative mRNA levels from the 5-, 10-, and 20-day control group were used as the reference values in panels d to f. Each value represented the mean±SD of five individuals. *Significant differences (P<0.05) between the control group and the stress group at the same time point Relative mRNA levels of the Hsp90 gene were detected by qPCR. In the acute cold stress experiment, the relative mRNA levels from the 0-h control group were used as the reference values in panels a to c. The different letters in panels a to c indicate that there are significant differences (P<0.05) between any 2 groups. In the chronic cold stress experiment, the relative mRNA levels from the 5-, 10-, and 20-day control group were used as the reference values in panels d to f. Each value represented the mean±SD of five individuals. *Significant differences (P<0.05) between the control group and the stress group at the same time point
Effects of cold stress on the mRNA levels of Hsp40 in spleen, thymus, and bursa of Fabricius of chickens As shown in Fig. 4 , the results showed that acute cold stress significantly decreased (P<0.05) the mRNA levels of the Hsp40 gene of the spleen and thymus in all treatment groups and significantly increased (P< 0.05) the mRNA levels of the Hsp40 gene of bursa of Fabricius in all treatment groups. Compared with the corresponding control groups, chronic cold stress resulted in a significant increase (P<0.05) of the mRNA levels of the Hsp40 gene in the spleen and thymus and a significant decrease (P<0.05) of the mRNA levels of the Hsp40 gene in bursa of Fabricius.
Effects of cold stress on the mRNA levels of Hsp27 in the spleen, thymus, and bursa of Fabricius of chickens
As shown in Figs. 5 and 6, the results showed that acute cold stress significantly increased (P<0.05) the mRNA levels of the Hsp27 gene of the spleen, thymus, and bursa of Fabricius in all treatment groups. However, the mRNA expression of the Hsp27 gene was not significant (P>0.05) in other treatment groups. Compared with the corresponding control groups, 5-day chronic cold stress resulted in a significant increase (P<0.05) of the mRNA levels of the Hsp27 in the spleen and bursa of Fabricius and a significant decrease (P<0.05) of the mRNA levels of the Hsp27 gene in the spleen and thymus of 20 days. Fig. 6 Effects of cold stress on the protein expression of Hsp90, Hsp70, and Hsp60 in the spleen, thymus, and bursa of Fabricius in chickens. Panels a to f represent the spleen, thymus, and bursa of Fabricius Hsp90, Hsp70, and Hsp60 protein expressions at acute and chronic cold stress groups, respectively. Acute cold stress groups (1 h, 3 h, 6 h, 12 h, and 24 h) and acute cold stress control group (0 h); chronic cold stress groups (5S, 10S, and 20S) and chronic corresponding control groups (5C, 10C, and 20C)
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Discussion
Cold stress can disrupt the balance of the oxidant/antioxidant system and cause oxidative damage to several tissues by altering the enzymatic and nonenzymatic antioxidant status (Sahin and Gumuslu 2004) . The misbalance of oxidant and antioxidant systems leads to oxidative damage and influences tissue function (Moller et al. 1996; Lucca et al. 2009 ). GSHPx is considered to be the first line of cellular defense against oxidative damage (Ferreccio et al. 1998) . And MDA can be used as general biomarker for biological oxidative stress (Kadiiska et al. 2005) . Prior study indicated that cold stress induced the destruction of oxidant-antioxidant balance in the lung tissue of chicks, and caused the oxidation damage of DNA (Jia et al. 2009 ). Additionally, in our previous study, we found that acute and chronic cold exposure induced the oxidative damage in the intestine of chicks . In the present study, T-AOC, GSH-Px, and SOD activities were significantly decreased accompanied with the increased MDA contents in the immune organs. It indicated that the balance of oxidant and antioxidant systems was disrupted, and cold stress induced the oxidative damage in immune organs. It has been known that oxidative stress can cause molecular damage to the vital structure and function of immune tissue via abnormalities in antioxidant enzyme metabolism (Chang et al. 2007; Allen et al. 2008) . So similarly, our results suggest that oxidative stress may play a role in the immune injury induced by cold stress. Several studies reported that cold exposure influenced the function of the immune system (Hangalapura et al. 2006; Helmreich et al. 2005; Onderci et al. 2003; Hangalapura et al. 2004b; Fleshner et al. 1998) . Cytokines play an important role in immune systems. Expression of IL-2 and IFN-γ were decreased in cold water stress (5 min/day) in mice during 10 days of exposure and increased after 20 days of exposure (Monroy et al. 1999) . Cold stress induced mRNA expression of T helper type 1 (Th1) (IFN-γ and IL-2) and T helper type 2 (Th2) (IL-4 and IL-10) in the small intestine of broilers (Zhao et al. 2013a, b) . Similarly, it was reported that cold stress upregulated expression of Th1 (IFN-γ and IL-2) and Th2 (IL-4 and IL-10) cytokine genes in chickens (Hangalapura et al. 2003) . Consistent with these prior studies, our results indicated that the IL-2 and IFN-γ content first increased then decreased in the spleen and bursa of Fabricius of chicks at acute cold stress. IL-4 content was increased in the spleen and bursa of Fabricius of chicks in the acute and chronic cold stress (Table 7 ). In the chronic cold stress, IL-2 and IL-10 contents were increased in the spleen and bursa of Fabricius and decreased in thymus. Due to the important roles of cytokines in immune systems, it may indicate that cold stress influenced the normal function of immune organs by the way of influencing the content of cytokines.
The cytoprotective roles of Hsps have been observed in a wide variety of animals and human. Hsps are highly conserved and expressed as a result of stressful environmental, pathological, or physiological stimuli (Young 1990 ), including ischemia, metabolic disorders, inflammation, and infection heat stress, ischemic stress, and other stress (Sreedhar and Csermely 2004) . Hsps are a group of stress proteins that are synthesized universally by living organisms in response to environmental changes such as elevated temperature (Lindquist and Craig 1988; Lee et al. 1991) , exposure to oxidative stresses (Liao et al. 1994 ). The present study focuses on the expression of various Hsps involved in control of oxidative stress in the immune systems of chickens at cold stress. Hsps act as an antioxidant in maintaining cellular redox homeostasis. Moreover, the protective effects of Hsp70 are associated with its interactions with cellular proteins that are involved in redox homeostasis, which might ultimately prevent oxidative stress. Previous studies have demonstrated that overexpression of Hsp70 by gene transfection in the animal could preserve the activity and content of Mn-SOD (Tupling et al. 2008) . And the overexpression of Hsp70 was observed in physical and chemical stress of Chamelea gallina (Monari et al. 2011 ). Consistent with these prior studies, mRNA and protein levels of Hsp70 in immune organs were upregulated in the present study. Moreover, our results showed that Hsp expression generally had an increased trend in immune tissues. Combining with the decreased cytokines and the increased expression of Hsps in immune organs, it suggested that immune function may be reduced in the acute cold stress. In the acute cold stress groups, Hsp60 and Hsp40 were increased in the 1-h group. It indicated that at the early stage, Hsp60 and Hsp40 may have a compensatory increase in response to environmental stress. In chronic cold stress groups, the expression of Hsps was increased. The results showed that effect of stress on animal immune system is complicated. Generally, the acute stress suppressed the function of the immune, and chronic stress caused immune enhancement to some extent (Sima et al. 1998 ). In addition, the increased expression of Hsps induced by cold stress may indicate that Hsps play important roles in the immune organs to resist the cold stress in chicks. In addition, this is consistent with the prior studies indicating the important roles of Hsp in the immune system (Ellis 1990; Lindquist and Craig 1988; Morimoto 1993) . Hsps are upregulated in response to various forms of stress, like oxidative, heat, and inflammatory stress (Hartl et al. 1992 ). Hsp40 cooperates with Hsp70 to facilitate protein folding ). Moreover, the increase of Hsp70 was linked to the protection of key protein sensitivity to thermal variations (Hamdoun et al. 2003) . So, it also suggested that increased Hsp expression was an important protective protein to regulate the immune function of chicks in cold stress conditions. Many studies have shown that Hsps play an important role during and after exposure to oxidative stress. A study of Li et al. (2011) indicated that psychological stress induces oxidative damage and upregulates the expression of Hsp70 in masseter muscles in rats. Others results suggested that intestinal oxidative stress induced high expression of Hsp70, and findings provide that evidence Hsp70 is capable of protecting the intestinal mucosa from stress injury by improving antioxidant capacity of broilers Gu et al. 2012 ). In addition, it has been previously reported that oxidative stress induced the accumulation of Hsp70 within the nucleolus (Tu et al. 2005) . Our previous study results suggested that Hsp expression increases in the heart from oxidative damage after cold stress (Zhao et al. 2013a, b) . Similar to these prior studies, this paper suggested that cold stress could induce oxidative damage and upregulates Hsp expression in the chicken immune organs. Our results suggested that Hsps may confer protection from oxidative stress induced by cold stress by improving antioxidant capacity of immune organs.
In conclusion, these results suggested that cold stress induced the oxidative stress in the three tissues and influenced the immune function of chicks. Higher expression of Hsps may play a role in protecting oxidative stress in immune organs against cold stress.
